EACH YEAR in the United States approximately 450,000 people die of ischemic heart disease. Many of the deaths are sudden and occur before the age of 60 years. More than half the coronary deaths occur within 24 hours of the attack. A quarter of the total take place without apparent warning. Postmortem study of the myocardium in these cases is noted for meager evidence of extensive anatomical changes.
Utilizing an intermittent "on-line" paper recorder, Spann and associates' found a 33% prevalence of ventricular tachycardia during the first day in 30 cases of acute myocardial infarction. The total number of arrhythmias was substantially greater than previously reported, and 70% of these arrhythmias were not otherwise detected clinically.
The routine 12-lead electrocardiogram fails to provide an adequate sampling period even when taken several times a day. The physician often faces the task of directing therapy with scant qualitative and unreliable quantitative information on the patient's pacemaking and conduction mechanisms. These cases provide a considerable clinical and technical problem.
Introduction of "on-line" oscilloscopes provided an initial approach to these problems. The system is limited to bedfast patients. It suffers from the necessity of watching the display for prolonged periods to note a changing event. This is not only impractical of personnel This limitation is reduced by programmed instruction which signals an alarm system should bradycardia, tachycardia, or prolongation of QRS time be perceived. Many units provide automatic pacemaking voltage if asystole occurs for a specified number of seconds. This system is imperfect in that frequent false alarms due to breaks in electrode contacts or other causes desensitize the staff to the alarm signal. This is partially resolved by newer equipment capable of differentiating false alarms induced by circuit breaks from the true alarms.
Direct-writing electrocardiographs can be programmed to sample the electrocardigram only at specified intervals and during alarm circumstances. This represents a major improvement but is limited by the problems outlined. In some instances, there is a slight delay of a few seconds during transient events, such that premature beats or short periods of asystole may be missed.
A system providing more thorough sampling of the cardiographic events, applicable to ambulatory as well as bedfast patients, and capable of expeditious qualitative and quantitative appraisal is desirable. Gilson and colleagues24 have described a method designated as "audiovisual superimposed electrocardiographic presentation" by its inventor, Holter, which permitted rapid scanning of magnetic tape recordings of the electrocardiogram taken over a prolonged period.5' 6Hinkle and associates7 employed the system on more than 300 normal subjects. New approaches to computer analysis of the tape recordings have been undertaken in our laboratory. The system has been applied to patients with various complications of ischemic heart disease.
Equipment and Procedures
Five items of equipment are used in off-line electrocardiographic monitoring:
This is a light-weight, two-track recorder which operates at 7i2 inches per minute. Three-inch reels of tape will record continuously for 5 or more hours. The unit is operated by rechargeable batteries, and it is easily carried by the ambulatory patient on a shoulder strap. By attaching adhesive at the area of apex impulse and lower tip of the right scapula, a lead qualitatively resembling precordial lead V4 or V,7 is provided.
The patient (or observer) is asked to keep a log and to note to the nearest minute changes of physical activity, symptoms, and treatment. Calibration signals are helpful as time markers.
Electrocardiographic Scanner
This item superimposes consecutive electrocardiographic complexes on an oscilloscope to indicate change in wave form. It also displays on a separate oscilloscope consecutive R-R intervals as a series of lines from which heart rate may be obtained. The scanner plays back the recordings at 732 inches per second, so that elapsed time is accelerated 60 times. Thus the physician can scan 5 hours of recording in five minutes. An audible signal also indicates changes in rhythm and rate. A clock dial indicates the actual time of the recording.
Electrocardiographic Charter
The charter displays the recorded electrocardiogram on paper in "real-time" in the conventional clinical format at either 25 or 50 mm per second paper speed.
Computer of Average Transients and Digital Printer
This desk-top computer can be used in either of two modes. One is for storing the duratior of each cycle length in memory for analog and digital display of the histogram of the heart rates for the period of time sampled. The other mode averages the wave form to improve the signal-to-noise ratio and to achieve analog to digital conversion for quantitative voltages.
Results

Ambulatory Normal Subject
In this example ( fig. 1 ) a normal subject wore the recorder during usual morning activity. This illustrates the portability of the equipment, variations in rate and rhythm, and the ability to obtain a quantitative profile oJ Histograms represent the frequency distribution of heart rates for the stated time intervals. The horizontal axis is heart rate; the vertical is number of beats. Numbers below the histograms indicate the maximum and minimum heart rates, while those above indicate the modal heart rates for the corresponding period of sampling. fig. 3 ). Computer analysis of the heart rate showed a bimodal curve skewed to the right, with a major peak at a rate of 43, and a minor one at 64 per minute. These fluctuations reveal the possibility of incomplete and even misleading information from a conventional 12-lead electrocardiogram. In this instance marked variations were recorded in the same lead system with no change in electrode placement. Interpretation of serial electrocardiograms is frequently less than optimal because of concern regarding the similarity of electrode placement. 721 MAZZARELLA ET AL.
Ventricular Irritability and Symptoms During
Acute Myocardial Infarction Patient F.S. was admitted with acute myocardial infarction. Chest pain recurred and persisted for 15 minutes during which ST depression and biphasic T waves were recorded on the monitor tape ( fig. 4 ). Later the blood pressure fell from 110/70 to 80/55 mm Hg, and the heart rate slowed to 38 per minute. This was followed by nausea, vomiting, and the appearance of premature beats. The heart then stabilized at a rate of 70 per minute.
Computer analysis of the heart rate showed a trimodal curve. The minor peak at 112 per Figure 3 The frequency distribution of the heart rates of 9,246 beats is displayed in the histogram. The highest and lowest observed heart rates were 70 and 40. The greatest number of beats occurred at heart rate 43, and 89% of the 9,246 beats were between heart rates 55 and 40, while the remaining 11% were distributed between heart rates 70 and 55.
Figure 4
Trimodal distribution of heart rates with peak rates of 112, 59 and 47. Eight per cent of the beats occurred at the highest heart rates.
Circulation, Volume XXXIII, May 1966 722 MONITORING IN ISCHEMIC HEART DISEASE minute represented the premature ventricular beats while another low peak at less than 40 per minute represented the compensatory pauses. This example illustrates the value of continuous recording in the correlation of cardiac rhythm and rate with acute symtoms.
Atrial Arrhythmia and Acute Myocardial Infarction
One week after admission for acute myocardial infarction, patient D.O. noted recurrent episodes of chest pain for short duration unexplained by physical examination and routine electrocardiography. Figure 5 shows excerpts of a tape recording which revealed an atrial arrhythmia during these brief episodes. Shortly after therapy with digoxin the paroxysms of supraventricular tachycardia accompanied by chest pain remitted. In this instance, the monitor tape recorded the changing rhythm dur-ing symptoms and the stable normal sinus rhythm after appropriate therapy.
Angina Pectoris After Healed Infarction Patient R.L. had recurrent angina pectoris after myocardial infarction. An ambulatory taped record made during a typical working day revealed changes following uphill walking and after lunch ( fig. 6 ). During an important phone call he had frequent A-V nodal and ventricular premature beats. In this instance, it was important to verify the ischemic changes in relation to chest pain and the corresponding triggering event.
Other Clinical Problems
The monitor tape has been useful in accounting for sudden death, unsuspected changes in conduction or block, and technical problems in pacemaking from electrode catheters.
Pi : ::distributiWo 5 21 60 14 D.O. 4-2E Figure 5 The heart rates during this observation period are clustered about rates 118, 67 and 53.
Maximum and minimum rates were 178 and 46. 60% of the beats were in the normal range. 26% (5% + 21%) were representative of tachycardia, and the remaining 14% had prolonged R-R intervals attributed to the compensatory pauses after premature beats.
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Figure 7
This continuous ambulatory tracing shows atrial flutter and ventricular response to an artificial pacemaker. Intervals of subthreshold stimulation ranging from 0.8 to 10.3 seconds are evident.
Circulation, Volume XXXIII, May 1966 724 MONITORING IN ISCHEMIC HEART DISEASE An example of failure of a pacemaker shortly after implantation is illustrated by J.C. Faintness and light-headedness were noted when he was getting up or walking. Physical examination and 12-lead electrocardiogram were made while he was lying in bed. The electrocardiogram showed atrial flutter and effective artificial pacing of the ventricles at a rate of 75 per minute. (Basilar artery insufficiency was considered a likely cause for his symptoms.) However, a tape recording of the electrocardiogram made while the patient was ambulatory revealed intermittent failure of the pacemaker due to subthreshold stimuli ( fig. 7) . As a result of this information, the pacemaker unit was replaced with satisfactory relief of the symptoms.
Discussion
Cardiac monitoring, when performed in this manner, can be useful to provide the busy physician with pertinent information about his patients when he is not personally present. The rapid playback of the magnetic tapes permits an expeditious review of the entire cardiac performance in terms of mechanism of heart beat, rate, conduction, and ischemic responses for the entire period of recorded time. Changes in these aspects are most meaningful, however, together with clinical information about the patient's status or activities, symptoms, and drug therapy. Without such information the interpretation of minor arrhythmias in proper clinical context may be difficult. Cain and others9 have pointed out the value of monitoring the electrocardiogram when the physician begins to mobilize a patient after myocardial infarction. Evidence of ischemic responses may indicate that activity is undertaken too early. Serial observations also may show disappearance of ischemia with the same exertion as healing occurs. This method is ideally suited for such application and is currently being utilized in the Seattle Cardiac Work Evaluation Unit.
The additional data obtained from computer analysis performed simultaneously with the rapid scanning are not essential ingredients of this monitoring procedure. Computer Circulation, Volume XXXIII, May 1966 analysis, however, provides an opportunity for rapid quantitation, while the scanning process provides qualitative information.
Artifacts, of course, do occur and care must be taken to recognize them. Unless some filtering procedure is employed, they also enter the computer and are stored in its memory. Usually this presents little distortion, since the signal-to-noise ratio of the computed outputs are quite large because of the large number of heart beats that can be sampled. Another more important consideration is the serious question as to what constitutes a proper sample of phenomenon for diagnostic interpretation. Sometimes information contained within the electrocardiogram for either a single or a small number of heart beats is sufficient for the purpose. It is precisely for such events that the signal alarm systems serve most efficiently and effectively. In other situations, a few beats may fail to convey the full dimensions of the problem. Then more prolonged recording may provide a more representative sample with some opportunity for appreciating modal values and variance in a statistical sense. Occasionally, this information is important enough to modify therapy or management substantially.
Summary
The general clinical concept of cardiac monitoring has been briefly defined. The need for its use in acute myocardial infarction has been cited, and a new approach to "off-line" electrocardiographic recording on magnetic tape with very rapid scanning and analysis has been described. Some observations related to clinical problems in myocardial infarction, arrhythmias, conduction defects, and cardiac pacing, have been illustrated. The benefits and limitations have been cited. "Off-line" systems complement but do not supplant current on-line alarm systems. This technique appears to be clinically useful both for inpatients and for ambulatory outpatients. The major indications for cardiac monitoring are arrhythmias, heart block, cardiac responses to a variety of stresses, diseases, and therapy, as well as some patients with unexplained symptoms.
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